Existing zoning analysis for eco-community using structural equation model  by Hsiao-Tung, Chang
Procedia Engineering 21 (2011) 948 – 956
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.2099
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
   Procedia Engineering  00 (2011) 000–000 
Procedia 
Engineering 
www.elsevier.com/locate/procedia
2011 International Conference on Green Buildings and Sustainable Cities 
Existing zoning analysis for eco-community using structural 
equation model 
Chang, Hsiao-Tunga∗ 
a Department of Urban Affair & Environment Planning,  
Chinese Culture University, 55 Hua-kang Road, Yang Ming Shan, 111 Taipei, Taiwan. 
Abstract 
Eco-community is an important vision of urban development in Taiwan. Nevertheless, urban development of Taiwan 
depends on zoning control that area become. For the sustainable urban environment, it should have review the 
relationship with eco-community indicators and zoning control factors, and understand the affection of each other. 
This research takes the method of structural equation model (SEM) to clarify the relationship with each other, which 
based on the actual development of residential blocks to analyze the current situation in Taipei city. According to the 
SEM model, “zoning” and “green infrastructure” factors is a positive value 0.17, “eco-environment” is negative 
correlation with “zoning” on -0.97, and “green infrastructure” and “eco-environment” factors also are negative effect 
generated -0.12. The result of this research wishes to improve residential environmental quality. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Eco-city is a good vision to response for all signs of environmental damage. This vision provides the
opportunity for city with “improves the quality of human life while living within the carrying capacity of 
supporting ecosystems” [1]. Besides that, community should develop and maintain a high quality of life 
in the present also same in the future [2]. Under those purposes, there are many planning tools to improve 
eco-community, such as green spaces, clean water, green infrastructure, renewable energy, community 
services, and social education etc. From local planning scale, block is a basic unite of urban context. 
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Residential block is similar to a community in the city. Lots of blocks construct a city; besides block also 
is clustered by lots of buildings. If residential blocks were more sustainable, then city would tend to 
sustainable development. Most of the eco-community indicators are involved to the community's level, 
and that are suitable to evaluate the community man-made environment. Through the evaluation, we will 
realize sustainability of a residential block and also can expand to whole city. On the other hand, urban 
development depends on zoning control of urban planning regulation that area became. Based on the 
urban planning law, urban master plan manage land use and environment in order to control urban 
development, it is also a main reason for influencing the city environment. Planner may readjust zoning 
control tools to avoid unsatisfied urban environment. In general, block is formed by zoning control and 
orientated to sustainable environment. That is to say, it might have a relationship with “zoning control 
factors” and “eco-community indicators”. Therefore, if we could analyze that mathematics function of 
existing zoning control factors influence sustainable community indicators, then we could adjust and 
control through this function to promote to the sustainable community and environmental quality.  
For aforesaid incentive reason, this research examine the urban zoning control factors in Taiwan, and 
deduce indicates of eco-community. Then, it takes Taipei city for example to check each factor of zoning 
control how to influence urban community. It adopts factor analysis and structural equation modeling 
(SEM) to construct the relative functions of zoning control factors and sustainable community indicators, 
and it established assessable model. 
2.  Zoning control factors and eco-community indicators 
2.1. Factors of zoning control 
Since there are over 450 urban planning areas from 1899 in Taiwan, the urban development is 
undertaken by zoning control [3]. Urban planning frames the contour of the development, and zoning 
control influences the quality of the environment. Urban planning is to apply zoning control to various 
purposes of land use, especially on land use intensity. According to land use regulation of Taiwan, urban 
zoning control differs in urban scale degrees. To sum up, all factors of zoning control are the use of land 
and building, public facilities, infrastructure, building volume, floor area ratio, the ratio of vacant lot, the 
coverage of building site, green plot ratio, excavating ratio density, population, landscape, setback, 
parking lot, transportation, and fire fighting that shall be stipulated according to the actual situation [3]. 
As the result, readjusting land use zoning control to acquire better urban environment quality has become 
the main goal of urban planning. Some of them are suitable to evaluate urban residential block area. It is 
generalized as following: 
• Land use allocation: Description index, it review the existing use of land and building, location, fire 
fighting, defence natural and artificial disasters and so on.  
• Public facilities and infrastructure: Description index, it is investigated and reviewed by planner to 
check location rationality of transportation, public facility, infrastructure etc.  
• Building height: Average existing building height of residential area (m).  
• Floor area ratio: Total existing floor areas of building / residential areas (%).  
• Vacant lot ratio: Total existing areas of vacant lots / residential areas (%).  
• Building coverage ratio: Total existing building coverage areas / residential areas (%). 
• Pavement area ratio: Pavement area of existing vacant lots / residential areas (%).  
• Green plot ratio: Existing plant coverage areas estimated by satellite picture / residential areas (%).  
• Excavating ratio: Estimates total excavate area based on the regulations / residential areas (%). 
• Residential density: Total existing living population / residential areas (person /ha). 
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2.2. Indicators of eco-community 
Originated from 1970s’ western developed countries, “Eco-city” has aroused various statements about 
the reaction and redevelop of urban planning, considering the factors of green house effect and 
environment sources [4]. Eco-city advocated the movement of “rebuild cities in balance with nature”, 
which considers man-make environment is part of natural ecosystem; many urban design techniques were 
established to promote the concept. For 40 years having eco-city developed, synthetically analysis all 
kinds of principles: (1) redevelop in urban centre, restrain suburb development, high-density development 
near transit nodes; (2) local safety, environmental health care, ecological economy, life quality of 
community, culture and education; (3) green transportation, ecological network, cyber-network, facility 
and infrastructure; (4) green belt, green core, urban greening, landscape quality; (5) harmonious with 
nature, ecological circulation balanced, green energy etc.[4-6] Pay attention to the scale of community, 
this paper select suitable eco-community’s indicators and quantitative analysis method.  
•  High-density development near transit nodes-- Distance to MRT station: The distance from residential 
area to MRT station, it is divided into four grades: 1.0 (＜1000m), 0.75 (＜2000m), 0.5 (＜3000m), 
0.25 (＞3000m). 
• Distribution of Inhabit density level-- Intensity hierarchy: The increase or decrease ratios of Inhabit 
density compare with rational residential density. Exiting Inhabiting density of investigating area / 
rational residential density level [people / ha]. 
• Potentially flood areas: Setup a fictitious parameter, if person who investigate lie in potential to flood 
water dive tendency district (rainfall 600mm) order as 1, except for 0. 
• Potential earthquake disaster area: For it with the fictitious parameter, if the base located in fault line 
500m of investigating area orders as 1, except for 0. 
• Cultural facility ratio: This area of local cultural facility / person (m2 / person). 
• Green transportation priorities to favour foot and bicycle-- Holding rate of automobile: Amount of 
automobile / the inhabitants of the areas (vehicle / person). 
• Drainage and sewage system: The area of pipeline finished in sewage and drainage / city areas (%). 
• Digital information system: the ratios of ADSL within every hundred residents (%). 
• Green areas of each person: The areas of developed park and greenery areas / the inhabitants of the 
areas (m2 / person). 
• Reducing the phenomenon of urban heat island --Urban heat island (The average increasing 
temperature compare with suburbs, ( T). ( )△ ℃  
• Water storage of community:  λ= Water storage of developed community / water storage before 
development. 
• Bio-diversity of community's environment-- Bio-diversity value [7]:  
• P1: Ratios of areas of uncover ground and grasslands (%).  
• P2: Ratios of area of groves (%). P3: Ratios of area of woods (%). P4: Ratios of area of buildings (%).   
•  Reducing CO2 producing amount -- Annual CO2 solidification amount [8]: CO2 solidification amount 
(tons/ ha· per year) = 8.275 × 10-3 × woods coverage ratios (%).  
3.  Sampling of residential blocks 
3.1.  Sampling survey 
The physical environment of Taipei city is a basin that enclosed by mountains, which includes 12 
wards and 10,922 residential blocks in the areas. Therefore, we takes sample in 555 blocks under the 
confidence intervals in 95% and 3.5% tolerance, the sampling rate for 5.08%. (The location of sample 
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sampling survey sites                     example of a residential block 
survey and example residential blocks show in Fig. 1) 
We investigated sampling survey site when it was choice. And then it used present situation maps of 
aerial topography and satellite image picture to calculated every indicator, furthermore set up a 
geographical information system (GIS) for analysis. All indicators are calculated through the method of 
residential blocks to obtain relevant information, including situations of public facility and infrastructures 
service.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The allocation of sampling survey sites of residential blocks. 
3.2 Existing circumstance of sampling survey 
Through analyzing, the existing condition of sampling survey sites and zoning control factors are as 
following: average areas of residential block are 6126 m2, average building height is 14.3m, average 
building coverage ratio is 54.5%, floor area ratio is about 223.7% on average, and residential density is 
about 229.3 person/ha etc. (Show as the table 1). On the other hand, eco-community indicators show as: 
10.09% blocks in the potentially flood areas, 9.55% blocks in the potential earthquake disaster area, 54% 
inhabitants have ADSL system, average every person has 5.8m2 green areas, average increase 0.75  heat ℃
island, and average annual CO2 solidification amount is 0.11tons/ha·per year etc. 
Table1. Existing circumstance of zoning control factors and eco-community indicators 
Zoning control factors Average of existing circumstance Eco-community indicators 
Average of existing 
circumstance 
�Floor area ratio 223.7% �Distance to MRT station 50.8 ＜% ( 1000m), 33.3 % 
＜( 2000m),  
＜7.0 % ( 3000m),  
8.8 ＞% ( 3000m) 
�Building height 14.3m �Intensity hierarchy 0.58 
�Vacant lot ratio 45.6% �Potentially flood areas 10.09% blocks 
�Building coverage ratio 54.4% �Potential earthquake disaster area 9.55% blocks 
�Pavement area ratio 26.9% �Cultural facility ratio 1.33 (m2 / person) 
�Green plot ratio 18.4% �Ratios of automobile 2.6 (vehicle / person) 
�Excavating ratio 63.1% �Ratios of drainage and sewage system 59% 
�Residential density 229.28 (person/ha) �Ratios of ADSL system 54% 
  �Green areas of each person 5.8(m2 / person) 
  �Temperature of heat island +0.75℃ 
  �Ratio of water storage of community 0.11 
  �Bio-diversity value 0.15 
  �Annual CO2 solidification amount 0.11(tons/ha·per year) 
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4. Result  
On this research, it takes backward stepwise regression models to establish each eco-community 
indicator component, and then uses factor analysis and SEM to establish whole structural equation model. 
4.1. Component model of eco-community 
It takes stepwise regression to establish multiple regression models for each eco-community indicator. 
The whole model is like Fig.2. Land-use and allocation (Z1) is not passed the t-test (p-value＞0.05), it 
means the existing allocation is not exactly tend to sustainable. Public facilities and infrastructure＝-
1.019×(Cultural facility ratio)＋0.131×(Ratios of drainage and sewage system)＋0.040×(Ratios of ADSL 
system) ＋0.441×(Ratios of automobile)+1.009, p＜0.000. On the other hand, each eco-community 
indicator is established models as following: (1) Green areas of each person (G1)＝0.193×(building 
height)－0.012×(floor area ratio)＋0.044×(green plot ratio)＋0.076× (excavating ratio), R2＝0.769,  
F(4.551)＝ 461.76, p＜ 0.000. (2) Temperature of heat island (E4)＝ -0.003 ×(building height)＋
0.009×(building coverage ratio)-0.008×(green plot ratio)-0.001×(excavating ratio)＋0.012× (residential 
density), R2＝0.89, F(5.55)＝895.71, p＜0.000. (3) Ratio of water storage of community (E1)＝ -
0.002×(building height) - 0.006 × (building coverage ratio)＋0.001×(floor area ratio)＋0.008×(green plot 
ratio), R2＝0.96,  F(4.55)＝3437.3,  p＜0.000. (4) Bio-diversity value＝0.001×(green plot ratio)-
0.001×(excavating ratio)＋0.0007×(pavement area ratio), R2＝0.937, F(3.552)＝2744.5, p＜0.000. (5) 
Annual CO2 solidification amount (E3)＝-0.0002×(building height)- 0.0001× (building coverage ratio)＋
0.0001× (floor area ratio)＋0.0007×(green plot ratio), R2＝0.96,  F(4.551)＝3406.5, p＜0.000.  These 
results reflect some variables of zoning factors may affect eco-community indicators. 
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Fig.2. Component model of zoning control factors affect eco-community indicators  
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4.2. Factor analysis 
This statistical analysis undertaken using structural equation model (SEM), SEM was the preferred 
method of analysis in this study as it allows the analysis of multiple relationships simultaneously, 
provides measures of overall model fit, as well as explaining the significance of each of the relationships 
between the variables[9]. The ability to model multiple relationships is an advantage of latent variable 
SEM over multiple regression and path analysis. In addition, SEM will account for the effects of 
measurement error in multi-item variables. SEM was used to analyze the data using a two-stage process 
recommended by Schumaker and Lomax [10]. At the first stage, we conduct factor analysis to classify 
observed variables into several groups. Factor analysis is often used to analyze the correlations among 
several variables in order to estimate and to describe the number of fundamental dimensions that underlie 
the observed data. Those fundamental dimensions (factors) can be latent variables in SEM. At the second 
stage, we estimate the observed variables and finally develop a SEM having the best-fit statistic. 
Factor analysis is performed on observed variables, based on the result of which exogenous latent 
variables is determined. The results of the factor analysis with varimax rotated are shown in Tables 2, 
respectively. Table 2 contains the rotated factor loadings, which are the correlations between each 
variable (rows) and each factor (columns). Loadings near (or above) 0.7 are usually considered ‘high’ and 
those below 0.4 are ‘low.’ For example, the first factor can be called ‘green infrastructure factor’ because 
items like infrastructure condition and load highly on it. The second factor can be called ‘green 
environment factor’ because biodiversity and CO2 have high loadings for the factor. Finally, two factors 
are used with exogenous latent variables in the model. Seven observed variables into two latent variables 
for SEM are classified.  
4.3. The structural models 
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The second stage involved constructing the structural model by specifying the relationships between 
the latent variables, using AMOS 18 to conduct confirmatory factor analysis for each set of items (Fig. 3). 
 
 
Fig.3. Structural equation model for Eco-community Taipei (N= 555). The numbers correspond to the standardized path coefficients 
and the R-squared values; χ2, df. and p correspond to the chi-square test values, the degrees of freedom and the probability level for 
rejecting the null hypothesis, respectively. 
Model fit is defined by Hair et al. [11], as the ‘‘degree to which the actual/observed input matrix is 
predicted by the estimated model’’. Analysis of the theoretical model indicated an acceptable model fit 
for a number of fit indices, with a marginally significant chi-square of 558.157 (df = 41, p<0.0001). 
Goodness-of-Fit (GFI) index measures overall model fit. A non-significant chi-square indicates that the 
data fit the model, while the GFI index ranges from 0 (poor fit) to 1 (perfect fit) [12]. The GFI is 
considered analogous to the R2 value reported in multiple regression models [13-14]. Model comparison 
was evaluated using the Tucker–Lewis Index (TLI) [15] and the Comparative Fit Index (CFI) [16]. A 
value greater than 0.90 for the TLI and 0.95 for the CFI reflects a good model fit. The Adjusted 
Goodness-of-Fit (AGFI) index and the Akaike Information Criterion (AIC) were used to measure model 
parsimony. The AGFI ranges from 0 (poor fit) to 1 (perfect fit) indicating a good fit, while the AIC 
should be less than for the saturated model. All other fit indices either within or close to acceptable levels 
(GFI=0.860; AGFI=0.774; CFI=0.9524; TLI=0.935; AIC=108.157 (saturated model 132.00)).  
5. Discussion and Conclusions 
5.1. Discussion 
The study is based on the current status of residential blocks, to understand the development trend of 
ecological communities. We observed zoning control factors, ecological communities indicators from 555 
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residential blocks of Taipei city. In this research, we postulated that eco-environment factors, green 
infrastructure factors are exogenous latent variables and zoning control factors are endogenous latent 
variables for SEM to analyze eco-community development trend. The eco-community is composed by 
three groups; there are zoning, eco-environment, and green infrastructure. Among three exogenous latent 
variables (zoning, eco-environment and green infrastructure) affect the relationship with each other, not 
just one way direction of causality. It can be a positive result from zoning to green infrastructure because 
as they all are man-make environment. On the other hand, it is a negative result from zoning to eco-
environment due to converse groups. According to the SEM model, the total effect of eco-environment on 
zoning is -0.97 (S.E. 0.76, p-value＜0.0001), it shows that zoning control tends to increase man-make 
environment and worse eco-environment. The estimated coefficient of zoning and green infrastructure 
factors is a positive value 0.17 (S.E. 0.24, p-value＜0.001). This result indicates that good quality man-
made by zoning will contribute to increase green infrastructure. Green infrastructure factors and eco-
environment factors are the impact of relational effect generated -0.12 (S.E. 0.00, p-value＜0.0001).  
The estimated coefficients are all standardized solutions, so we can conclude that the major zoning 
factors influencing on the eco-community is green plot ratio. The average of the residential community 
green plot ratio is only 18.4%, when residential blocks are improved green plot ratio, would increase the 
values of eco-community. As previously stated, these results show that green plot ratio increase 10% then 
the value of eco-community will increase 3%. However, factors increasing the eco-community are related 
to increase green plot ratio and decrease building coverage ratio or floor area ratio. 
5.2. Conclusions 
Sustainable environment is understood in various ways to enhance it. The approach we followed is 
very much comparable as the one for zoning control issues like critical levels and loads in various spatial 
scales. Especially the spatial reference to all land use activities allows urban planning not only to set 
priorities in action fields but also relate them to priority areas. The methodology presented offers a 
unifying approach to manipulation of real environment and the model of sustainability responses. By 
employing structural equation model techniques in the analysis a number of mathematic parameters could 
be derived which had the potential to improve the existing urban environment.  
The significant changes to the zoning control factors could be made to improve living environment. 
Especially, if it were decreasing building coverage ratios, floor area ratios, and increasing green plot ratio 
on site, which would change local environment. Planner should consider how to improve the sustainable 
targets, which will be influence by planning and zoning control tools. When overdeveloped and caused 
urban environment was unsatisfied, that planner should reduce the undesirable impact by readjust zoning 
control tools. It is suggested that environmentally sustainable land use system and proper utilization of 
nature resource, the interaction between zoning control strategies and physical environment are coexistent 
for the cities. 
Acknowledgement 
The financial supported of the National Science Council, Taiwan (R.O.C.) National Science-Tech 
Programs (No. NSC 92-2211-E-034-004 and NSC 93-2211-E-034) research projects are gratefully 
acknowledged. Many thanks also go to all the reviewers for their constructive comments and suggestions. 
References 
956  Chang, Hsiao-Tung / Procedia Engineering 21 (2011) 948 – 956Chang, Hsiao-Tung / Procedia Engineering 00 (2011) 000–000 
[1] IUCN. World observation Strategy. Geneva: IUCN; 1980. 
[2] Shafer CS, Koo Lee B, Turner S. A tale of three greenway trails: user perceptions related to quality of life. Landscape Urban 
Planning 2000; 49:163-178. 
[3] Chang Hsiao-Tung. Coexistent simulation of zoning control to affect subtropical urban microclimate. International Symposium 
on City Planning 2003, Taipei, Taiwan; Spetember 23, 2003, p.A-2-1 to A-2-9.  
[4] Roseland Mark. Dimensions of the eco-city.Cities1997; 14(4):197-202.  
[5] Breheny Michael. Urban compaction: feasible and acceptable? Cities 1997;14(4):209-217.  
[6] Kamp Irene van, Kees Leidelmeijer, Gooitske Marsman, Augustinus de Hollander. Urban environmental quality and human 
well-being Towards a conceptual framework and demarcation of concepts; a literature study. Landscape and Urban Planning 
2003;65:5-18.  
[7] Handley JF. Nature in the urban environment. In: Grove Cresswell, editor. City Landscape, London: Butterworths; 1988, p.47-59.  
[8] Rowntree RA, Nowak D. Quantifying the role of urban forests in removing atmospheric carbon dioxide. Journal of Arbor 1991; 17:269-275.  
[9] Kline  RB. Principles and practice of structural equation modeling. New York: The Guilford Press; 1998. 
[10] Schumacker RE, Lomax RG. A beginner’s guide to structural equation modeling. NJ: Lawrence Erlbaum Associates; 1996. 
[11] Hair JF Jr, Anderson RE, Tatham RL, Black WC. Multivariate data analysis.5th ed. Upper Saddle River, NJ: Prentice-Hall 
International;1998. 
[12] Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives. 
Structural Equation Modeling 1999;6:1-55.  
[13] Hoyle RH, Panter AT. Writing about structural equation models. In Hoyle RH, editor. Structural equation modeling: concepts, 
issues, and applications1995, Thousand Oaks, CA: Sage Publications. 
[14] Tanaka JS. Multifaceted conceptions of fit in structural equation models. In Bollen KA, Long JS, editors. Testing structural 
equation models, Newbury Park, CA: Sage Publications; 1993, p.10-39. 
[15] Tucker L R, & Lewis C. The reliability coefficient for maximum likelihood factor analysis. Psychometrika 1973: 38:1-10. 
[16] Bentler, P. M. Comparative fit indexes in structural models. Psychological Bulletin 1990; 107:238-246.  
 
